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The presence of crystalluria is an indication of urinary supersaturation. In some cases, it provides evidence of specific renal disturbance (1) (2) (3) (4) . If detected early, appropriate therapy could be instituted to stop the development of such disturbance.
Thus, it is important to precisely identify urinary crystals. Currently, light microscopy is the only method used for this. However, the various crystal habits present in urine do not always permit appropriate characterization, even when polarization microscopy is used (5) (6) (7) . Infrared spectroscopycan be used successfully to identify large amounts of crystals separated by centrifugation (6), but cannot be applied to very small quantities of crystals, especially when the sample contains several crystalline species.
To overcome these difficulties, we investigated a new technique, Fourier transform infrared microscopy (?rmM), which provided infrared spectra of microsamplea.
MaterIals and Methods

Materials
The spectra were recorded with a microscope ( For a few samples that contained large crystals (>50 pm thick), we had to introduce two different techniques to obtain the spectra: two to five large crystals having the same morphology by light microscopy were picked up with a needle from the microscope stage and trans-ferred either to an agate mortar for grinding or to a diamond cell before FIRM analysis. In both cases, the original morphology of crystals was lost, but this was not critical for the spectroscopicstudy.
In most cases,we scanned spectra of isolated crystals selected according to their morphology noted in the visible light mode of the microscope. For each crystal type, we recorded spectra of two or more crystals to confirm the identification. In some cases, the infrared spectrum was recorded from clusters of very small crystals (<8 pm in diameter). For heterogeneous crystallization, we obtained spectra of each morphological type.
All spectra were identified by comparison with reference infrared spectra of pure compounds (8-12).
To appreciate the accuracy of the spectra obtained by FFIRM compared with those obtained by the standard FFIR technique, we examined some samples by both techniques. For standard rrm analysis, we included the crystals in a KBr pellet, using the common 13-mm KBr pellet technique (13) .
Results
For most of the samples studied, FFIBM analysis was successful,and we were able to identify 16 Urea was observed only in samples prepared according to method c. Mucoproteins were present in all cases, but did not influence the identification of the crystals.
We then selected the three following examples, which best illustrate the utility of FrmM: Example 1. Crystals from two different patients were isolated from urine samples having similar pH values (pH 5.6 and 5.7). Visual inspection (Figure 1 ) led us to conclude that the crystals in both urine samples were uric acid dihydrate. FFIRM examination, on the other hand, showed two different spectra: uric acid dihydrate (Figure 2a) and N-acetylsulfamethoxazole (Figure 2b) .
Because the quantity of crystals was sufficient in both samples, we recorded the spectra of the crystals of the whole urine by the standard FTIR technique (Figure 2c  and d) . Comparing the spectra in Figures 2a and c shows a good agreement between the spectra, with only small variations in the wave number values, which are in agreement with the resolution used for recording the spectra. The main differences between the spectra can be explained by the spontaneous dehydration of the specimen under the infrared beam, which induces a The two spectra of the N-acetylsulfamethoxazole crystals are very similar in terms of peak location (maximum shift, 4 cm'). Some variations in the spectrum profiles are due to the background noise, which is, of course, more significant in the FrmM spectrum, and to obvious differences in sample preparation. Except for the background noise, there are no supernumerary bands in the rrmii spectrum, as compared with the FFIR spectrum. However, the KBr pellet technique used for preparing the sample analyzed by standard FrIR can induce somevariations in the intensities of the observed vibrations with respect to the F1RM spectrum.
Example 2. We failed to identify by means of polarization microscopy the unusual structure observed in one of the urine samples studied (Figure 3) , so we investigated it by FrifiM. By comparing the scanned spectrum (Figure 3) with the 497 reference spectra of the Bruker urinary calculi library, we identified it as glaphenic acid, a metabolite of the analgesic drug glaphenine.
Example 3. We observed a heterogeneous complex crystalluria in an infected urine sample after storage at 4#{176}C for three days (Figure 4) . We filtered the urine Fig. 1(top) recordedby standard niR technique, (c whole crystalluria shown in Fig. 1(bottom) (Figure 5a ), ammonium acid urate (Figure 5b) , calcium hydrogen phosphate dthydrate (Figure 5c ), calcium oxalate monohydrate (Figure 5d ), and amorphous carbonated calcium phosphate ( Figure Se) .
1(bottom) identifiedas N-acetylsulfamethoxazole, (c) wholecrystalluna shown in
For comparison, we recordeci by standard FFIR the spectrum of the whole-urine sediment ( Figure 6 ). Note that it is more difficult to accurately and exhaustively identify the various compounds present in this mixed 
DIscussIon
Light microscopy is commonly used to examine crystals in urine, but this method is unable to differentiate different crystals showing the same morphology, or very small crystals (1-2 p.m in diameter), or unusual minor crystals within an abundant crystalline sediment composed primarily of another species. On the other hand, infrared spectroscopy is a widely accepted method for the analysis of urinary calculi (13) (14) (15) (16) .
Modern application of Fourier transform techniques has lowered detection limits. However, even the perforinance of an rm spectrometer may not be sufficient for the small sample sizes we investigated in our work. Frmri makes possible the analysis of suchsmall samples down to the diffraction limit (8 pm). Thus, in our study, we were able to solve the following difficult cases: The data station connected to the system offers the possibility of creating a spectral library and performing a library search for future automatic identification, as we did with urinary calculi (17, 18).
